Abstract. Diffusive shock acceleration (DSA) at relativistic shocks is very likely to be an important acceleration mechanism in various astrophysical jet sources, including radio-loud AGN and GRBs. We here summarize recent results of Monte-Carlo simulations of DSA at relativistic shocks. Results are presented for situations with various shock obliquities, including superluminal regimes. We show that the spectral index of the resulting nonthermal particle distributions and the fraction of thermal particles accelerated to non-thermal energies, depend sensitively on the particles' mean free path to pitch angle scattering, and the shock obliquity. We then investigate self-consistently the radiative (synchrotron + Compton) signatures of the resulting thermal + nonthermal particle distributions. We demonstrate that a substantial thermal pool of particles may produce a spectral feature reminiscent of the Big Blue Bump observed in the SEDs of several blazars, via the bulk Compton mechanism, highlighting results for the BL Lac object AO 0235+164.
RELATIVISTIC SHOCK SIMULATIONS
The results presented here are based on Mone-Carlo simulations of Diffusive Shock Acceleration (DSA) at oblique, relativistic, magnetohydrodynamic shocks, as described in detail in [6] . The relativistic Rankine-Hugoniot Equations are solved for the macroscopic plasma properties across the shock wave, and the trajectories of individual test particles are then followed in a Monte-Carlo approach. Deviations from simple gyrational motions are caused by repeated pitch-angle scatterings on magnetic inhomogeneities, with a mean free path λ scaled in terms of the gyro radius r g as λ = η r g , with η being a free parameter. For gyroresonant wave-particle interactions, η ≥ 1. We here explore a range of plausible levels of turbulence (η), as well as shock obliquities (angle between the magnetic field and the shock normal). Figure 1 illustrates the dependence of the (uncooled) particle spectral index σ , where the electron spectrum is a power-law n(γ) ∝ γ −σ , on the mean-free-path parameter η and on the shock obliquity, parameterized by the de-Hoffmann-Teller frame (in which the upstream and downstream flow velocities are parallel to the magnetic field) shock speed β 1HT . β 1HT → 1 marks the transition from subluminal to superluminal shocks. The figure illustrates that the spectral index σ depends strongly on both the turbulence level (η) and the shock obliquity, and a wide range of spectral indices is possible, including very hard electron spectra with σ < 2.
The effect of radiative losses on the electron distributions are taken into account a FIGURE 1. Dependence of the un-cooled particle spectral index σ on the shock obliquity and the scattering mean-free path parameter η.
posteriori by evaluating self-consistently the radiative energy loss rates of electrons due to synchrotron, synchrotron self-Compton (SSC), and external-Compton (EC) emission. These losses lead to 1) an exponential cut-off at the high-energy end of the particle distribution, where the acceleration time scale equals the radiative loss time scale, and 2) a break in the relativistic particle distribution, where the escape time scale equals the radiative loss time scale. A representative set of resulting particle spectra for a mildly relativistic, oblique shock is shown in Figure 2 , for turbulence levels ranging from η = 1 (Bohm limit) to η = 10 4 (low level of turbulence). For this simulation, radiative losses through synchrotron radiation in a magnetic field with an energy density of 10 % of the equipartition value (u B /u e = 0.1), as well as Compton losses (SSC + EC on an infrared radiation field, representative of dust torus emission in AGN) have been taken into account. The figure illustrates that the electron spectra consist of a thermal pool plus a power-law tail of relativistic, non-thermal particles, which is then modified by radiative losses.
RADIATION
Based on the particle distributions resulting from our shock simulations, we have evaluated self-consistently the radiative output through synchrotron, SSC, and EC emission. For this purpose we have adopted the radiation transfer code of Böttcher & Chiang [2] to specify arbitrary electron spectra, as obtained from our Monte-Carlo DSA simulations. As external radiation fields as seeds for the EC mechanism the direct accretion disk emission, including its full angular dependence [see, e.g., 3], and/or isotropic radiation fields can be specified, as appropriate for optical/UV line emission from the broad line region, or infrared emission from a dust torus.
Obviously, the relativistic, non-thermal particle population will dominate the radiative output. However, the substantial thermal pool may produce significant radiative signatures due to Comptonization of an external radiation field. This is known as the bulk Compton effect and has been suggested by Sikora et al. [5] as an explanation for the Big Blue Bump (BBB) observed in the SEDs of several blazars.
APPLICATION TO AO 0235+164
We here investigate whether the bulk Compton mechanism on the thermal pool in a realistic diffusive shock acceleration scenario provides a viable explanation of the significant X-ray excess, consistent with a BBB, observed in the low-frequency peaked BL Lac object AO 0235+164 in a recent multi-wavelength campaign [1] . Figure 1 illustrates that uncooled electron spectra with indices σ < 2 are quite common over a wide range of shock obliquities and scattering mean free paths. In that case, even accounting for fast radiative cooling, the peak of the synchrotron emission will be produced by electrons at the high-energy cut-off. If the maximum electron energy γ max is determined by the balance between synchrotron losses and acceleration, then γ max ∼ 1.2 × 10 8 (η B G ) −1/2 , where B G is the magnetic field in Gauss, and the synchrotron peak frequency, ν p,sy ∼ 5.7 × 10 22 η −1 δ /(1 + z) Hz, where δ is the bulkmotion Doppler factor, becomes independent of the magnetic field, and only dependent on η −1 and the Doppler factor. Therefore, in order to produce SEDs resembling those of blazars, especially low-frequency-peaked BL Lac objects or flat-spectrum radio quasars, large values of η (> 10 5 ) seem necessary [e.g., 4]. For the fit shown in Figure 3 , a scattering mean-free path parameter η = 9 × 10 8 has been used. The Doppler factor δ = 25, the total kinetic power in electrons carried along the jet in the shocked emission region is L e = 2.1 × 10 46 erg s −1 , and the magnetic field is B = 1.0 G, which corresponds to an energy density ratio of u B /u e = 0.30. The radio -UV emission is synchrotron radiation, while the X-ray through gamma-ray emission is composed of contributions from SSC and EC on the direct radiation field of the accretion disk with a luminosity of L d = 3.4 × 10 44 erg s −1 [7] , and a thermal infrared radiation field, characterized by an energy density of u IR = 1.4 ×10 −5 erg cm −3 and a temperature of T IR = 2 × 10 3 K. Comptonization of the IR radiation field by the pool of thermal electrons in the shock region provides a very good fit to the BBB feature.
